The Jayme-Wise and diglyme-HCl methods for extracting cellulose from plant material for stable-isotope analysis differ considerably in ease of use, with the latter requiring significantly less time and specialized equipment. However, the diglyme-HCl method leaves a small lignin residue in the crude cellulose that may affect stable-isotope values, whereas α-cellulose produced by the Jayme-Wise method is relatively pure. We examined whether adding a bleaching step to the diglyme-HCl method could produce cellulose of comparable purity to α-cellulose by comparing the yield, percent carbon, and carbon (δ 13 C) and oxygen (δ 18 O) stable isotope ratios of the two celluloses. We tested each method on the wood of five species that differ in ease of delignification, Eucalyptus maculata Hook., E. botryoides Sm., E. resinifera Sm., Pinus pinaster Ait. and Callitris glaucophylla J. Thompson & L.A.S. Johnson, as well as the foliage of C. glaucophylla. For hardwoods such as the eucalypts, the diglyme-HCl method without bleaching produced cellulose with δ 13 C and δ 18 O ratios similar to α-cellulose. For the softwood, C. glaucophylla, 3 h of bleaching with acidified chlorite following treatment with diglyme-HCl produced cellulose with δ 13 C and δ 18 O ratios similar to α-cellulose. Bleached and unbleached crude celluloses and α-cellulose of P. pinaster were similar in δ 18 O, but not δ 13 C. Both types of crude cellulose produced from the foliage of C. glaucophylla had significantly different isotope ratios from α-cellulose. Overall, the diglyme-HCl method, with or without bleaching, appears to be a simple, fast method for extracting α-cellulose from hardwoods for stable isotope analyses, but its suitability for softwoods and foliage needs to be evaluated depending on the species.
Introduction
Stable isotope ratios, primarily of carbon (δ 13 C) and to a lesser extent of oxygen (δ 18 O), are increasingly used in tree-ring and other studies to examine relationships between plants and their environment Long 1989, Anderson et al. 1998 ). Many such studies analyze cellulose, rather than whole wood, on the ground that cellulose is relatively immobile, unlike other wood components (Leavitt and Danzer 1993) . Analyzing a single component also reduces variability in isotopic signatures because different wood components have different isotope signatures as a result of their separate biosynthetic pathways (Leavitt and Danzer 1993) . Current methods of cellulose extraction include modifications of the Jayme-Wise (Green 1963 , Loader et al. 1997 ), Brendel (Brendel et al. 2000) and diglyme-HCl methods (Macfarlane et al. 1999 ). These methods have largely focused on δ 13 C and their appropriateness for δ 18 O is poorly characterized. The diglyme-HCl method, developed by Wallis et al. (1997) and modified by Macfarlane et al. (1999) , is probably the simplest method for producing cellulose from whole wood. The method involves a single processing step that removes most extractives, hemi-cellulose and lignin, takes less than 24 h to complete and does not require specialized glassware (Macfarlane et al. 1999) . In comparison, extraction of α-cellulose involves three processing steps, takes up to 7 days and requires a Soxhlet apparatus (Leavitt and Danzer 1993) . Nevertheless, the diglyme method leaves a small lignin residue (about 5%) that is likely to affect isotopic signatures (Borella et al. 1998) , while α-cellulose is relatively pure. Furthermore, the diglymeHCl method has been tested on only two species, one of which, Eucalyptus globulus Labill., has a small resin and lignin content (< 18%; Evtuguin et al. 2001) . Eucalyptus globulus lignin is largely made up of syringyl (S) units (82-86%), with the remainder being guaiacyl (G) units, and the wood is particularly amenable to delignification (Evtuguin et al. 2001) . Guaiacyl units are more condensed and more difficult to remove than S units (Dixon et al. 2001) . Hardwood lignin can contain as little as 30-40% of S units (e.g., Laurelia phillipiana Looser; Boudet et al. 1995) , whereas the lignin of softwoods is largely composed of G units (Dixon et al. 2001) ; the ability of the diglyme-HCl method to delignify these more resistant woods is untested.
In this study, we tested whether adding a short bleaching step, using acidified chlorite, to the current diglyme-HCl method can produce a purer cellulose product while retaining much of the simplicity and speed of the current method. We compared bleached and unbleached crude celluloses produced from the modified diglyme-HCl method to α-cellulose of wood samples with a range of S/G ratios, and lignin and resin contents including the softwoods Callitris glaucophylla J. Thompson & L.A.S. Johnson and Pinus pinaster Ait., and three hardwood species: E. botryoides Sm., E. maculata Hook. and E. resinifera Sm. We also made this comparison for a sample of Callitris foliage. Based on a suggestion in Wallis et al. (1997) , we also tested whether the diglyme-HCl method could be further improved by increasing the treatment time with diglyme-HCl and acid concentration.
Materials and methods

Sample preparation
To obtain a 0.1-0.25-mm particle size (see Borella et al. 1998) , wood and leaf samples were ground sequentially through 5-, 1-, 0.5-and 0.25-mm sieve rings with a Retsch ZM-1 centrifugal mill (Retsch GmbH, Haan, Germany). Material passing a 0.25-mm sieve between grindings was not ground further. Material passing a 100-µm sieve and which could pass through the filter bags was removed from the combined ground sample. Eighteen samples of each type of wood or leaf were placed into preweighed filter bags (type F57 Ankom Technology, Macedon, NY; 95% of the open area has pores < 30 µm in size) that also contained a numbered Teflon tag. The filter bags were heat-sealed. Two bags were assigned to each of the nine treatments (Figure 1) . Samples of 0.3 g were used for all batches during chemical processing other than for holo-cellulose (0.2 g) and extractives-free wood (0.1 g). All the chemicals described below are toxic and processing was carried out in a fumehood.
Soxhlet extraction, and holo-cellulose and α-cellulose preparations
Resins were extracted from Treatments 1 to 3 in a Soxhlet apparatus for 24 h in 2:1 toluene:ethanol, then for 24 h in 100% ethanol. The bags assigned to Treatment 1 were oven-dried (70°C) and their dry mass and yield of extractive-free wood determined. Samples in Treatments 2 and 3 were delignified following the Jayme-Wise method (Green 1963) . Samples were heated for 12 h in a 1.5-l flask containing 1 ml of acetic acid, 6.7 g of sodium chlorite and 700 ml of deionized (DI) water preheated to 70°C. Four further additions of acetic acid and sodium chlorite were made at 2-h intervals. After the fourth addition, the samples were left in the acidified chlorite solution for 12 h at 70°C, with a total treatment time with acidified chlorite of 30 h. The samples were then continuously rinsed with DI water for 4 h in a 2-l side-arm flask. Bags in Treatment 2 were oven-dried (70°C) and their dry mass and yield of holo-cellulose determined. Bags in Treatment 3 were stirred for 1 h in 17% w/v NaOH (Green 1963) . After 4 h of continuous rinsing with DI water in a 2-l side-arm flask, the bags were stirred for 1 h in 10% glacial acetic acid and again continuously rinsed with DI water for 4 h in a 2-l side-arm flask. The bags from Treatment 3 were oven-dried (70°C) and their dry mass and yield of α-cellulose determined.
Diglyme-HCl and acidified sodium chlorite treatments
Bags in Treatments 4 to 6 were heated at 90°C in a shaking water bath for 1 h in diglyme (diethylene glycol dimethyl ether) with 20% HCl and samples in Treatments 7 to 9 were heated at 90°C for 3 h in diglyme with 40% HCl (Figure 1 ). Each batch of six bags, i.e., three treatments with two replicate samples each, was treated in a 600-ml beaker filled with 250 ml of diglyme-HCl and a small beaker placed above the sample bags to prevent floating. A watch glass was placed on top of the beakers to minimize evaporation from the beakers. After treatment, each batch was rinsed three times in 150 ml of methanol and then boiled in 500 ml of DI water for 20 min. Samples from Treatments 4 and 7 were oven-dried (70°C) and their dry mass and yield of crude cellulose determined. Samples from Treatments 5 and 8 were heated for 3 h in a 1.5-l flask containing 1 ml of acetic acid, 6.7 g of sodium chlorite and 700 ml of DI water preheated to 70°C. Following bleaching, the bags were continuously rinsed with DI water for 4 h in a 2-l side-arm flask, then oven-dried (70°C) and their dry mass and yield of bleached crude cellulose determined. Samples from Treatments 6 and 9 were bleached for 30 h using the Jayme-Wise method as described for Treatment 2, then oven-dried (70°C) and their dry mass and yield of bleached crude cellulose determined. Samples from Treatments 4 and 7 are henceforth referred to as crude cellulose and samples from Treatments 5, 6, 8 and 9 are referred to as bleached crude cellulose.
Isotope analyses
Carbon isotope ratio and δ 18 O were measured on a single subsample of each treated wood and foliage sample, and two subsamples of untreated wood and foliage. Subsamples of 2-2.5 mg were weighed into tin capsules for δ 13 C and 0.2-0.25 mg weighed into silver capsules for δ 18 O. Samples were oven-dried (70°C) and stored in a desiccator for later isotope analyses. Carbon isotope ratios were measured according to methods described previously (Macfarlane et al. 1999) , and δ 18 O was measured with a TC/EA (high temperature conversion elemental analyzer, Thermo Electron Corp.) coupled to a Finnigan DELTA+ mass spectrometer (Thermo Electron). From the analysis of δ 13 C we also obtained % carbon of the samples.
Effect of acid and treatment time on yield from diglyme-HCl and chlorite treatment
We tested the effects of increased acid concentration and treatment time on wood of C. glaucophylla because of its resistance to delignification by diglyme-HCl (evident from the results of the preparations described above). Samples (0.3 g) of ground C. glaucophylla wood were placed into 16 labeled 50-ml vials. To each of four vials, we added 10 ml of diglyme and HCl with either 10, 20, 30 or 40% HCl. The vials were then crimped closed with aluminum seals fitted with Teflonbutyl liners. Two vials from each acid treatment were heated for 1 h in a shaking water bath, and two were heated for 3 h. The vials were removed and the contents washed with methanol into 30 ml sintered glass crucibles (pore size 1). The samples were washed with 30 ml of methanol and rinsed with 100 ml of boiling DI water. The crucibles and samples were oven-dried (70°C) and the dry mass and yield of crude cellulose determined. To determine the effect of increased acid concentration on the effectiveness of subsequent bleaching, the crucibles were placed into two 2-l beakers (eight crucibles each) that contained 350 ml of DI water preheated to 70°C in a water bath, to which 1.5 ml of acetic acid and 3 g of sodium chlorite had been added. After 3 h, the crucibles were removed and rinsed with 100 ml of boiling DI water. The crucibles and samples were oven-dried (70°C) and the dry mass and yield of bleached crude cellulose determined.
Statistical analysis
Effects of species and treatment and their interactions were evaluated by two-way analysis of variance (ANOVA) (GenStat 7th Edn., VSN International, Hemel Hampsted, U.K.).
Results
Comparison of untreated wood to extractives-free wood, holo-cellulose and α-cellulose
Yield and % carbon (%C) of the wood samples generally decreased in order of untreated wood > extractives-free wood (EFW) > holo-cellulose > α-cellulose (Tables 1 and 2) . Similarly, with increased processing, δ 13 C is generally less negative and δ 18 O higher (Tables 3 and 4) . Yields of α-cellulose from extractives-free wood were 34-36% for the eucalpyts and P. pinaster, but only 28% for C. glaucophylla, which also had lower holo-cellulose yield (43%) than the other woods (51-54%).
Differences in %C, δ 13 C and δ 18 O were most evident in comparisons of untreated wood to holo-cellulose and α-cellulose; removal of lignin using the Jayme-Wise method resulted in lower carbon contents (Table 2) , less negative δ 13 C values (Table 3 ) and higher δ 18 O values (Table 4) . Carbon contents (%) of α-cellulose and holo-cellulose were close to the theoretical value for α-cellulose (C 12 H 10 O 5 ) of 44.4% and generally ranged from 43 -45% compared with 50-53% for untreated wood and EFW. Callitris glaucophylla was the exception, with %C of untreated wood and EFW higher; 54 and 58%. Carbon content (%) of holo-cellulose from E. resinifera was inexplicably high. Untreated wood had δ 13 C values 1.0-1.2 ‰ more negative than that of α-cellulose for the eucalypts (P < 0.001) and 1.1-2.0 ‰ more negative than for the conifers (P < 0.001). Differences between δ 18 O of α-cellulose and untreated wood were much larger; 5-7 ‰ for the eucalypts (P < 0.001) and 6-8 ‰ for the conifers (P < 0.001).
Increasing acid concentration reduces purity of crude cellulose
Increasing the concentration of acid in the diglyme-HCl above 20% did not increase the extraction of resins and lignin from wood (Tables 1 and 2 , Figure 2 ). In fact, the smallest yield of crude cellulose from C. glaucophylla wood was obtained with only 10% HCl and these samples were also noticeably lighter colored than other samples; those treated with 40% HCl were very dark. There was a more than 10% increase in yield of crude cellulose from the 10%-HCl treatment to the 40%-HCl treatment, regardless of the treatment time (Figure 2 ). The yield of bleached crude cellulose (BCC) from C. glaucophylla was least with 20% HCl (Table 6 ). For acid concentrations less than 40%, increasing the treatment time to 3 h reduced yields by 1.5-2.0% (Figure 2) . Similar results were obtained for the other wood samples.
After a 3-h treatment with diglyme containing 40% HCl (Treatment 7), the yield of crude cellulose from wood was the highest of the nine treatments (47 to 62%; Table 1 ) and the samples were darkly colored compared with residues after 1 h with 20% HCl in diglyme. The %C of these samples was also high (often higher than the corresponding untreated wood; Table 2). The δ 13 C of crude cellulose produced from Treatment 7 was more negative than that of α-cellulose by 0.6-0.9‰ in the eucalypts (P < 0.001) and 1.3-2.1‰ in the conifers (P < 0.001; Table 3 ). Similarly, δ 18 O of crude cellulose from Treatment 7 was lower than that of α-cellulose by 1.7-2.0‰ (P = 0.005) in the eucalypts and 3.4-5.6‰ in the conifers (P < 0.001). The high %C and δ 13 C of Treatment 7 suggests that not only was removal of extractives and lignin ineffective at higher acid concentration, but that some of the reactant might have been retained in the residue, although the δ 13 C value of the diglyme was not tested. Further discussion of crude cellulose is restricted to Treatment 4, which consisted of treatment with 20% HCl in diglyme for 1 h.
Comparison of α-cellulose to bleached and unbleached crude celluloses
The greater delignification capacity of the Jayme-Wise method compared with the diglyme-HCl method was reflected in both the yield and %C of crude celluloses compared with α-cellulose. The yield of crude cellulose from the woods after 1 h of diglyme-HCl treatment (Treatment 4) ranged from 41 to 48% (Table 1) and was significantly higher than that of α-cellulose (P < 0.001). The %C of crude cellulose was 3-5% higher than α-cellulose, except for wood of C. glaucophylla (8% larger). For the eucalypts, there was no difference between crude cellulose and α-cellulose for either δ 13 C (P = Table 2 . Percent carbon (%) for three eucalypt and two conifer woods and foliage of Callitris glaucophylla either untreated or processed to extractives-free wood, holo-cellulose, α-cellulose, crude cellulose or bleached crude cellulose. Refer to Figure 1 and text for details of each treatment. Yields are means (± SE) for two replicates per sample. Where no SE is reported, a sample was lost. 18 O (P = 0.710). In contrast, δ 13 C and δ 18 O of crude cellulose from the conifers was lower than those of α-cellulose by 0.3-1.2‰ (P < 0.001; Table 3 ) and 1.6-2.3‰ (P < 0.001; Table 4 ).
Addition of a bleaching step greatly reduced the differences between α-cellulose and crude cellulose. Bleached crude celluloses (BCCs) were white and generally did not differ in appearance from α-cellulose. Bleaching reduced the yields of crude cellulose by 3 to 6% for the eucalypts and 9 to 12% for the conifers, compared with unbleached crude cellulose. Carbon contents of BCCs were similar to that of α-cellulose, ranging from 1% smaller to 3% larger. Bleached crude celluloses from Treatment 8 generally had a higher %C than the other BCCs as a result of incomplete bleaching; some wood material "sandwiched" between the Teflon tag and filter bag was not fully bleached after 3 h. There was a significant 3 to 4% difference between the yield of α-cellulose and bleached crude cellulose from Treatments 5 and 6 (P < 0.001), but yields of α-cellulose and BCC from Treatments 8 and 9 were similar (P > 0.05). A significant interaction between treatment and species (P < 0.001) probably indicated that, for C. glaucophylla, the yield of α-cellulose was smaller than that of BCC. Generally, increasing the bleaching time from 3 to 30 h did not improve the removal of lignin residues. Yields from Treatments 8 and 9 were similar (P = 0.8) and, although the difference in yields between Treatments 5 and 6 was significant (P = 0.006), for most species, the difference was less than 1%. Furthermore, the yields of E. maculata and E. resinifera TREE PHYSIOLOGY ONLINE at http://heronpublishing.com CELLULOSE EXTRACTION FOR STABLE ISOTOPE ANALYSIS 567 Table 3 . Carbon isotope values (δ 13 C; ‰) for three eucalypt and two conifer woods and foliage of Callitris glaucophylla either untreated or processed to extractives-free wood, holo-cellulose, α-cellulose, crude cellulose or bleached crude cellulose. Refer to Figure 1 and Table 4 . Oxygen isotope values (δ 18 O; ‰) for three eucalypt and two conifer woods and foliage of Callitris glaucophylla either untreated or processed to extractives-free wood, holo-cellulose, α-cellulose, crude cellulose or bleached crude cellulose. Refer to Figure 1 and in Treatment 6 were larger than those in Treatment 5 by 1.5-2.0 ‰, despite longer bleaching time that would be expected to remove more lignin.
For the eucalypts, δ 13 C and δ 18 O of both crude and bleached celluloses were generally no different from δ 13 C and δ 18 O of α-cellulose (Tables 3 and 4) . Within the conifers, there was a significant difference between δ 13 C of α-cellulose and BCCs from P. pinaster (0.2-0.4 ‰, P < 0.001; Table 3 ), but no difference for C. glaucophylla. For both conifers, δ
18 O values for BCCs were similar to that of α-cellulose (P > 0.05; Table 4) for Treatments 5, 8 and 9, but there was a barely significant difference in δ 18 O between Treatment 6 and α-cellulose (0.5 ‰, P = 0.036).
Extraction of cellulose from Callitris glaucophylla foliage
As for the wood samples, yield and %C of the C. glaucophylla leaf decreased in order of untreated leaf > extractives-free leaf > holo-cellulose > α-cellulose (Tables 1 and 2) , although there was no difference between %C of extractives-free foliage and holo-cellulose. Increased processing time generally resulted in less negative δ 13 C and higher δ 18 O values (Tables 3 and 4) . Percent nitrogen (%N) of the foliage increased from 0.9 to 1.3% after extraction with toluene and ethanol, but there was little N in holo-cellulose and none in α-cellulose. The extractive content of the foliage of C. glaucophylla was high (47%), while holo-cellulose and α-cellulose contents were low.
There was a marked difference between yields and %C of bleached and unbleached crude cellulose and α-cellulose for the foliage sample. Even after bleaching, crude cellulose yields were nearly twice that of α-cellulose and similar to the yield of holo-cellulose. Carbon content (%) of crude celluloses was also 5 to 8% higher than %C of α-cellulose and similar to %C of untreated foliage, holo-cellulose and extractives-free foliage. Some N remained in crude cellulose (0.3-0.4%) but there was little N in crude celluloses bleached for 3 h and negligible N after 30 h of bleaching.
For both isotopes, δ values of crude cellulose treated for either 1 or 3 h with diglyme-HCl were lower than α-cellulose (P < 0.01 for all treatments). Increasing the bleaching time from 3 to 30 h had little effect on δ 13 C values (P = 0.051 for diglyme-20% HCl; P = 0.057 for diglyme-40% HCl; Table 3 ) or δ
18 O values (P = 0.043 for diglyme-20% HCl; P = 0.569 for diglyme-40% HCl; Table 4 ). Bleaching the crude cellulose did not produce cellulose of similar isotope values as α-cellulose. δ
18 O values of BCCs, with the 3-and 30-h bleaching treatments combined, were less than δ
18 O values of α-cellulose (P = 0.010 for diglyme-20% HCl and diglyme-40% HCl; Table 4 ). Similarly, δ
13 C values of BCCs were less negative than δ 13 C of α-cellulose (P = 0.022 for 1 h diglyme-20%HCl; P = 0.014, 3 h diglyme-40%HCl; Table 3 ).
Discussion
The unmodified diglyme-HCl method (Macfarlane et al. 1999 ) is a simple, fast method for extracting cellulose from eucalypt wood. Yields of crude cellulose from the eucalypts were up to 8% higher than yields of α-cellulose, although most yields were within the expected range, e.g., 35 to 50% (Goldstein 1991) . Despite the greater delignification ability of the Jayme-Wise method and the variability in S/G ratios of the three eucalypts tested (Rodrigues et al. 1999 ), 1 h in diglyme with 20% HCl produced crude cellulose from all three species with δ 13 C and δ 18 O signatures highly comparable to α-cellulose. Adding a bleaching step reduced the yields of crude cellulose from eucalypt wood to within 2-3% of yields of α-cellulose, presumably by removing the remaining lignin. Nevertheless, bleaching had little effect on δ 13 C and δ 18 O ratios of eucalypt wood tested in this study. There is little point in undertaking the additional bleaching of eucalypt wood when the unmodified diglyme-HCl method produces cellulose of sufficient purity for δ 13 C and δ 18 O analysis, even though some lignin is retained.
The diglyme-HCl method, without modification, is unsuitable for extracting cellulose from conifer wood. Callitris glaucophylla appears to have an unusually large amount of phenolic compounds (20%) and lignin (57%). In contrast, the resin and lignin content of Pinus pinaster wood was lower (9 and 48%, respectively), and more similar to the eucalypt woods included here and wood of Pinus radiata D. Don, which has a resin content of 2% (Walcroft et al. 1997) . Nevertheless, compared with the eucalypts, both softwoods were more resistant to delignification and resin extraction, with yields of crude cellulose around 7% higher. The lignin of P. pinaster and C. glaucophylla is probably made up almost entirely of G units, which are highly resistant to degradation (Dixon et al. 2001) . Crude celluloses from C. glaucophylla may also contain some resin contaminant. The carbon content of monoterpenes is about 88% and the presence of resin therefore increases %C (Brendel et al. 2000) ; the %C of crude cellulose of C. glaucophylla was much higher than that of α-cellulose. The contaminants in the crude celluloses of the two conifers had a significant effect on their stable isotope signatures; δ 13 C and δ 18 O values of crude cellulose were signifi- cantly lower than those of α-cellulose by up to 2‰. Diglyme-HCl does not remove enough lignin and extractives from conifer wood to produce sufficiently pure crude cellulose. Bleaching for as little as 3 h following treatment with diglyme-HCl greatly improved the purity of the bleached crude celluloses, although they contained more contaminants than α-cellulose preparations: 3% for P. pinaster and 8% for C. glaucophylla (Table 1) . Overall, the similarity in carbon content and color of bleached crude and α-cellulose suggests the contaminants are hemi-celluloses, not lignin. Despite the contaminants in BCCs of C. glaucophylla, we found no difference in the δ 13 C and δ 18 O values of bleached crude and α-cellulose of C. glaucophylla. Similarly, the contaminant in BCCs of P. pinaster had no effect on δ
18 O values compared with α-cellulose. We found a significant, although small (0.3-0.4 ‰), difference in the δ 13 C of bleached crude and α-cellulose of P. pinaster. This is difficult to explain, especially considering that there was no difference in isotopic composition between crude and α-celluloses of C. glaucophylla. The suitability of bleached crude celluloses for analysis of δ 13 C and δ 18 O in softwoods may need to be evaluated species by species. For C. glaucophylla, treatment for up to 3 h with diglyme-HCl and 3 h of bleaching is recommended. Wallis et al. (1997) suggested that, for wood of the conifer P. radiata the diglyme method required a stronger acid catalyst; however, we do not recommend increasing % HCl in the diglyme above 20% when extracting cellulose from wood. Yields from diglyme with 30 or 40% HCl, without bleaching, were in fact larger than those from the standard 1 h diglyme-20% HCl treatment, indicating reduced degradation of lignin and hemicelluloses.
Although the diglyme-HCl method, with or without modifications, appears suitable for a range of wood types, it is not an appropriate method for extracting cellulose from foliage of C. glaucophylla. Yields and %C from the diglyme-HCl treatments were much higher than those of α-cellulose, even with the most intensive treatments. The retention of probably a large resin and oil component with the diglyme-HCl treatments clearly affected the δ 13 C and δ 18 O signatures of the resulting crude and bleached celluloses. Stable isotope signatures of crude and bleached cellulose were significantly lower than those for α-cellulose, or even holo-cellulose in some cases. The resin content of the foliage of C. glaucophylla was about 50%, much higher than its wood (about 20%), and the diglyme-HCl treatment appears to be less effective in removing these compounds than toluene-ethanol. Foliage of other species that is lower in resins and phenols may be more suitable for diglyme-HCl extractions, although this requires testing.
